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Abstract
Health-related quality of life (HRQOL) is an important measure of the effects of chronic liver disease
in affected patients that helps guide interventions to improve well-being. However, the relationship
between HRQOL and survival in liver transplant candidates remains unclear. We examined whether
the Physical Component Summary (PCS) and Mental Component Summary (MCS) scores from the
Short Form 36 (SF-36) Health Survey were associated with survival in liver transplant candidates.
We administered the SF-36 questionnaire (version 2.0) to patients in the Pulmonary Vascular
Complications of Liver Disease study, a multicenter prospective cohort of patients evaluated for liver
transplantation in 7 academic centers in the United States between 2003 and 2006. Cox proportional
hazards models were used with death as the primary outcome and adjustment for liver transplantation
as a time-varying covariate. The mean age of the 252 participants was 54 ± 10 years, 64% were male,
and 94% were white. During the 422 person years of follow-up, 147 patients (58%) were listed, 75
patients (30%) underwent transplantation, 49 patients (19%) died, and 3 patients were lost to follow-
up. Lower baseline PCS scores were associated with an increased mortality rate despite adjustments
for age, gender, Model for End-Stage Liver Disease score, and liver transplantation (P for the trend
= 0.0001). The MCS score was not associated with mortality (P for the trend = 0.53). In conclusion,
Address reprint requests to Michael B. Fallon, M.D., Department of Internal Medicine, University of Texas Medical School at Houston,
University of Texas Health Science Center at Houston, 6431 Fannin Street, MSB 4.234, Houston, TX 77030-1501. Telephone:
713-500-6677; FAX: 713-500-6699; michael.b.fallon@uth.tmc.edu.
This article was written for the Pulmonary Vascular Complications of Liver Disease study group.
NIH Public Access
Author Manuscript
Liver Transpl. Author manuscript; available in PMC 2010 August 1.
Published in final edited form as:
Liver Transpl. 2010 February ; 16(2): 238–245. doi:10.1002/lt.21984.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
PCS significantly predicts survival in liver transplant candidates, and interventions directed toward
improving the physical status may be helpful in improving outcomes in liver transplant candidates.
Cirrhosis and its complications create a substantial healthcare burden in the United States and
have a negative impact on health-related quality of life (HRQOL) in affected patients.1,2 Liver
transplantation is a life-saving treatment for cirrhosis that improves HRQOL.3,4 The current
United Network of Organ Sharing policy for liver allocation is based on the Model for End-
Stage Liver Disease (MELD) score,5 which has been found to be a robust predictor of survival
in this patient population.6 However, even with the implementation of this policy, the waitlist
for liver transplantation is long, and the HRQOL of patients on the waitlist is severely impaired.
Several generic and liver disease–specific HRQOL instruments have been developed and
validated to assess HRQOL in patients awaiting liver transplantation.7 The HRQOL
instruments assess physical, mental, functional, psychosocial, and certain liver disease–
specific domains of quality of life. However, the association between these domains of HRQOL
and mortality in liver transplant candidates remains uncertain. In a recent study, the liver-
specific scales but not the generic Short Form 36 (SF-36) scales of the Liver Disease Quality
of Life instrument8 were associated with mortality in patients with advanced liver disease.9
The interpretation of these findings is complicated by the small sample size, the availability of
data from a single liver transplant center, and insufficient adjustment for liver transplantation.
The SF-36 is a widely used instrument that captures the physical and emotional domains of
HRQOL in decompensated cirrhosis.10,11 The Physical Component Summary (PCS) and
Mental Component Summary (MCS) scales are independent predictors of mortality in other
chronic diseases.12,13 Furthermore, the PCS scale has a moderate correlation with the MELD
score.14,15
Hence, we sought to determine if the physical and emotional domains of HRQOL, as measured
by the SF-36, were associated with survival in a large multi-center cohort of well-characterized
patients with cirrhosis evaluated for liver transplantation.
PATIENTS AND METHODS
Study Design and Study Sample
The Pulmonary Vascular Complications of Liver Disease study enrolled a cohort of 536
consecutive out-patients evaluated for liver transplantation at 7 centers in the United States
between 2003 and 2006. The only inclusion criterion was the presence of portal hypertension
with or without intrinsic liver disease. We excluded patients with active infections, patients
with recent (<2 weeks) gastrointestinal bleeding, and patients who had undergone previous
liver or lung transplantation. For this study, we also excluded patients who were not initially
presenting for liver transplant evaluation and those who did not complete the SF-36
questionnaire and who did not have complete data for analyses. The study was approved by
the institutional review board of each center, and patients provided informed consent.
Data Collection and Variables
Patients underwent a physical examination and laboratory assessment. The MELD score was
calculated.16 The etiology of the underlying liver disease, complications of liver disease
(ascites, encephalopathy, variceal bleeding, and hepatocellular carcinoma), past medical
history, comorbidities (diabetes mellitus, hypertension, left ventricular hypertrophy,
congestive heart failure, and chronic obstructive pulmonary disease), current medications,
social history, and New York Heart Association (NYHA) functional class were recorded. We
administered the Medical Outcomes Study SF-36 (version 2.0) in the Liver Disease Quality of
Life 1.0 questionnaire to the study participants.1 The SF-36 survey includes 8 multi-item scales
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(physical functioning, role limitations due to physical problems, bodily pain, general health,
emotional well-being, role limitations due to emotional problems, energy/fatigue, and social
functioning) that evaluate physical quality of life and emotional quality of life, which are
represented broadly by the PCS and MCS scales. Both the PCS and MCS scores are norm-
based scores that range from 8 to 73 and from 10 to 74, respectively.17,18 Higher scores indicate
better HRQOL.
Survival, liver transplant status, and dates were obtained from the medical records, the subjects’
physicians, the subjects themselves, and the Social Security Death Index as of December 31,
2006. Patients who were alive were censored at this date.
Statistical Analyses
Continuous data were summarized with means and standard deviations, and categorical
variables were summarized by frequency and percentage. Correlations between PCS or MCS
and MELD were estimated with Spearman’s rho. The probability of liver transplantation with
PCS and MCS was estimated separately with logistic regression.
Survival curves were estimated with the Kaplan-Meier method. Cox proportional hazards
models were used to estimate the rate ratios [hazard ratios (HRs)] of death across quintiles of
PCS and MCS. To determine whether certain baseline demographic and clinical characteristics
might explain the association between PCS and survival, we constructed models with PCS and
potential confounding variables. Rate ratios were adjusted for age, gender, MELD score, and
liver transplantation, which was used as a time-varying covariate. A P value less than 0.05 was
considered statistically significant for all analyses. All analyses were performed with available
data with SAS version 9.1.3 (SAS Institute Cary, NC).
RESULTS
Patient Characteristics
Five hundred thirty-six patients were enrolled in the Pulmonary Vascular Complications of
Liver Disease cohort. Four hundred seventy-three of these patients (88%) were newly
evaluated; of these, 261 (55%) returned the questionnaire, and 252 had complete data and
constituted the final study sample. The mean age of the study participants was 54 ± 10 years,
64% were male, and 94% were white. The most common etiology of liver disease was alcohol
(43%), which was followed by hepatitis C virus (HCV) infection (38%). The mean MELD
score was 13 ± 5. The mean PCS and MCS scores were 35 ± 11 and 42 ± 13, respectively. We
compared the final study sample to those newly evaluated subjects with incomplete data or
without questionnaires (n = 221). There were no apparent differences in terms of age, gender,
race, ethnicity, etiology of liver disease, socioeconomic status, or complications of liver
disease. The MELD score of excluded subjects was minimally higher than that of included
subjects (14 ± 6 versus 13 ± 5), and this indicated that they had more severe liver disease.
Further comparison of the 2 groups showed that 55 patients (25%) in the excluded group
underwent liver transplantation, whereas 75 patients (30%) in the included group underwent
liver transplantation (P = 0.23), and 58 (26%) in the excluded group died, whereas 49 (19%)
in the included group died (P = 0.08).
Table 1 shows demographic and clinical characteristics of the study sample grouped according
to quintiles of PCS. Because these comparisons were not part of our primary analysis, we did
not perform formal hypothesis testing. Age, sex, race, ethnicity, educational status, smoking
status, etiology of liver disease, and medical comorbidities were similar across quintiles of
PCS. Patients with a lower PCS score (indicating worse quality of life) were more likely to
have less household income and more likely to have chronic obstructive pulmonary disease
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than those who had a higher PCS score. Patients with a lower PCS score had worse NYHA
functional class and were more likely to have complications of liver disease such as ascites
and encephalopathy in comparison with patients with a higher PCS score. PCS was associated
with the MELD score (r = −0.23, P = 0.0002; Fig. 1).
Patients with a lower MCS score were less educated and were more likely to have HCV
infection than those with a higher MCS score (Table 2). There were more active smokers and
diabetics among patients with a lower MCS score in comparison with patients with a higher
MCS score. Unlike PCS, MCS was not associated with the MELD score.
Survival Analyses
There were 422 person years of follow-up. One hundred forty-seven patients (58%) were listed,
75 patients (30%) underwent liver transplantation, 49 patients (19%) died, and 3 patients were
lost to follow-up. PCS (P = 0.15) and MCS (P = 0.22) were not associated with the probability
of transplantation.
A lower PCS score was associated with worse survival (P < 0.001; Fig. 2). Patients in the lower
quintiles of PCS had a higher risk of death in comparison with patients in the highest quintile
of PCS (Table 3; P value for the trend < 0.0001). This monotonic association between PCS
and mortality persisted even after adjustments for age, gender, and MELD score. We also
adjusted for liver transplant status as a time-varying covariate, but this did not change the
association between PCS and mortality.
To investigate whether the traditional demographic and clinical risk factors could explain the
association between PCS and mortality, we performed additional adjusted analyses. The
multivariate mortality rate ratios for patients in the first quintile of PCS remained significantly
higher than those for patients in the fifth quintile of PCS after adjustments for white race [HR
= 9.0, 95% confidence interval (CI) = 2–40], Hispanic origin (HR = 8.3, 95% CI = 2–37),
household income (HR = 9.5, 95% CI = 2–41), health insurance (HR = 9.0, 95% CI = 2–40),
HCV-related liver disease (HR = 9.0, 95% CI = 2–38), and alcohol-related liver disease (HR
= 9.0, 95% CI = 2–39). This association remained persistent even after adjustments for
complications of liver disease such as ascites (HR = 18, 95% CI = 2–136), encephalopathy
(HR = 9.3, 95% CI = 2–41), hepatocellular carcinoma (HR = 9.4, 95% CI = 2–41), and variceal
bleeding (HR = 9.0, 95% CI = 2–38). Furthermore, adjustments for smoking status (HR = 7.7,
95% CI = 2–34), NYHA functional class (HR = 8.0, 95% CI = 2–37), or medical comorbidities
such as diabetes mellitus (HR = 7.0, 95% CI = 2–32), congestive heart failure (HR = 8.0, 95%
CI = 2–36), left ventricular hypertrophy (HR = 8.0, 95% CI = 2–36), and chronic obstructive
pulmonary disease (HR = 8.0, 95% CI = 2–35) did not influence the finding that patients in
the first quintile of PCS had a higher mortality rate than those in the fifth quintile of PCS.
Controlling for the study site also did not have any influence on the association between PCS
and survival (HR = 9.0, 95% CI = 2–41).
MCS was not associated with mortality (Table 4; P = 0.22). Mortality rate ratios were similar
across all the quintiles of MCS, and there was no change in this result even after adjustments
for age, gender, MELD score, or liver transplantation (Table 4; P value for the linear trend =
0.16).
DISCUSSION
In this large multicenter study, we found that PCS, the summary measure of physical domains
of HRQOL, was significantly associated with survival, whereas MCS, the summary measure
of mental and emotional domains of HRQOL, was not. Patients with lower PCS scores had a
markedly increased risk of mortality. Importantly, this association between PCS and survival
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was not explained by differences in demographics, etiology or severity of liver disease,
complications of cirrhosis, important clinical variables, medical comorbidities, or the use of
liver transplantation. Our findings suggest that perceived physical components of HRQOL are
an important determinant in the survival of patients awaiting liver transplantation in addition
to liver disease severity.
The finding that the patients’ perception of their physical health was strongly associated with
survival is consistent with previous studies; Yeo et al.19 showed that baseline European
Organization for Research and Treatment of Cancer Core 30 Quality of Life Questionnaire
scores related to physical health were significantly associated with survival in patients with
unresectable hepatocellular carcinoma, the majority of whom had chronic liver disease due to
hepatitis B virus. A study by Jones et al.20 showed that fatigue, a symptom that directly
influences the physical domain of HRQOL, was associated with survival in patients with
primary biliary cirrhosis. Ascites, encephalopathy, diuretic use, and severity of liver
disease11 were associated with poor physical status as in our study, but the association between
PCS and survival was independent of these variables. MCS, a summary measure of mental
HRQOL derived from the SF-36, was not predictive of survival; therefore, patients’ perception
of their mental HRQOL at the time of LT evaluation may not be an important indicator of their
survival chances.
A recent study by Kanwal et al.9 showed that PCS and MCS were not predictive of survival
in patients with advanced chronic liver disease. In contrast to their study, we found that PCS
was an independent predictor of mortality. It is unclear why our findings were different, but
in comparison with the study by Kanwal et al., we had a larger and more diverse population
derived from a cohort of well-characterized patients with cirrhosis from 7 different liver
transplant centers. Moreover, to determine whether liver transplantation may have influenced
the association between PCS and survival, we adjusted for liver transplantation as a time-
dependent covariate in our analyses. Also, we found that there was a moderate negative
correlation between PCS and MELD scores that did not influence the association between PCS
and mortality, and this finding suggests that PCS may be complementary to the MELD score
in predicting the survival of transplant candidates.
From an epidemiological perspective, the major finding in our study is that self-reported
HRQOL of liver transplant candidates predicted the subsequent risk of all-cause mortality after
adjustments for age, gender, MELD score, and liver transplant status. This finding is
strengthened by the fact that this is a large, multicenter study, and the study population was
selected from a cohort of well-characterized patients with cirrhosis. Among the various
prognostic indicators studied in cirrhosis,21 the MELD score by far has been the most accurate
predictor of mortality risk6 and has therefore been widely used for the allocation of livers.22
Consistent with previous literature, we found in our study that the MELD score was a strong
independent predictor of mortality in all the multivariate models. This study reinforces the idea
that in addition to the MELD score, patients’ perception of their physical HRQOL plays an
important role in predicting outcomes of liver transplant candidates.
There are several limitations of this study. First, there could be selection bias introduced by
the inclusion of only patients who returned the questionnaire and had complete data for the
analyses. Excluded patients did have modestly more severe liver disease as reflected in the
MELD score. Although there were no statistically significant differences between the included
and excluded patients in terms of the proportion who underwent liver transplantation and those
who died, we could not exclude that these 2 groups may have been distinct. However, we found
no other apparent differences between these excluded patients and the study sample. Second,
because the HRQOL measures are self-reports, some patients might have overestimated or
underestimated their activities or may have misinterpreted the questions. Third, 94% of the
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patients included in the study were white, and a majority of the patients were recruited from
transplant centers in the Northeast and Southeast regions of the United States. Moreover,
certain cultural and ethnic issues may not have been measured by the HRQOL instrument that
we used. All these factors may limit the generalizability of our findings to the overall transplant
population in the nation. Nevertheless, the association between HRQOL and survival could
have been explained by inadequately measured or unmeasured confounders.
From a clinical perspective, the finding that the baseline self-reported physical quality of life
of liver transplant candidates is an important prognostic indicator of survival presents a
potential opportunity for intervention. Previous studies have shown that regular physical
activity is associated with significantly better PCS scores in liver transplant recipients.23
Furthermore, increasing physical activity improves both objective and self-reported physical
functioning in such patients.24 Hence, identifying liver transplant candidates with poor self-
reported physical quality of life and targeting treatment interventions toward improving their
physical activity may prolong their survival. Determining if exercise interventions are feasible
and improve PCS scores in liver transplant candidates is an important area for study.
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Figure 1.
Correlation between the Physical Component Summary (PCS) and the Model for End-Stage
Liver Disease (MELD).
Tanikella et al. Page 9
Liver Transpl. Author manuscript; available in PMC 2010 August 1.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Figure 2.
Kaplan-Meier estimates of survival across quintiles of the Physical Component Summary.
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